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II. Apoptosis (programmed cell deafh) 

It is a fonrt of coordinated an 

: 




Apoptosis is a Greek word meaning ^falling off or ^dropping off \ 
■ It is a fotm of cell death which is contiolled and regulated by the rate of 
cell divisioiL When a cell is deprived of growth factors or celTs DNA or 
proteins are damaged beyond repair, the pathway of «11 death (cell 
• suicide is ict: \ ited. It is not accompanied by inflammation. 

Apoptosis, is characterized by nuclear dissolution w,lwT~"T 
membrane integrity. witnout Ioss of 

■ ^ ü 4^6 e« j c^- ^ * 

irref^a, (<^UL^J 3 ctw^l Ceiis u*ft tfe l^p^Uc ^ 

^dadfr L^JJl L^l^l Aactosis j| fh1 ^ . 
V »*«W^^^ c ^.^vSn €C r 0 si S Jl^j ^^ r^^ 
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A- Plnsioloeic avovtosis 

- The programmed destruction of cells during embryogenesis , as occurs 

in organogenesis. 

■ Physiologic involution of cells in hormone-dependent tissues e.g. 
endometrial shedding, r egression of lactating breast after withdrawal of 
breast- feeding. 

■ Involution of the thymus in early age. 

^e^u^^N ^ajjjt^^ ( i^WJL^+J uAs 3 ^So j££ 

AM^OL-i^U**,*, _l____llr,- i\ * - ^ 



B- Patholo2ic avovtosis 

1- In tumor s exposed to chemotherapeutic agents . 

2- In graft rejection reactions, by cytotoxic T cells 

3- In viral hepatitis with formation of Councilman apoptotic bodies. 



<J^frpf~ \ 4- In p rostatic atrophy after orchiectomy due to hormonal deprivation. 
s^J\ — 5- In radiation and hypoxia. 



degenerative diseases of CNS e.g. in Alzheimefs disease. 



. f\£r> C*4^ ^P-Olci^ ^jJ^^âJ! ^C>^ ^ ^t^l^o^VpOèv C3^^ 
G*c*r dkj|jy>J ^l^-léstês Jl ^ jJ $fc&&t Jl J^o (^c^Jl^Uj^b^ 






^g-of. single*., or small clusters of ceUs in the background of 

2 " ^1^' ^ 115 "* r0Und 10 oval ' with ^ensely eosinophilic 
«Ï^P^CmummifiedceUs) — ' ^ sm 0 Pg»y 

"ÏS^ iS C — « * (pyh.osis or 

2iT "^™ ^ ^ C0nVO,UtiOnS or P-j^- *e 

5 " or^e„ may ** ° f Wotic bodi es containing compact 
or^UesonorarotmdThTcclI ~" «™pact 

6- (ginflammatorv occurs 

7- Rnafly, apoptofc bodies are phagocytosed bv maaoDhages. 

- L^^ta^j ^^^^ 
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Mechanisms of apoptosis: (Fig. 2.24) 



1. Death receptor extrinsic vathwav : I 

It is triggered through activation of FAS receptor (a member of TNF 
receptor) Fas-ligand (FasL) is a membrane protein expressed mainly on 
activated T lymphocytes. When these T cells recognize Fas-expressing targets, 
Fas linked by the FasL bind caspase-8. austering of many caspase molecules 
leads to their activation, thus initiating the caspase cascade. 

2. Mitochondrial intrinsic vathwav : 

It is triggered by DNA damage e.g. radiation, hypoxia, heat, withdrawal of 
certaiâ hormones, growth factors and cytokines. These activate members of 
the Bel-2 family, which in turn activate pro-apoptotic -factors Bax and Bak, 
causing increased permeability of mitochondrial membrane, and escape of 
cytochrome c into the cytosol. The net result is the activation of the caspase 
cascade. 

■ BCL-2 gene family is located in the outer mitochondrial membrane and 
includes both activators and inhibitors of apoptosis. Thus, it may regulate 
the apoptotic process by binding to some related proteins (e.g. to Bax and 
Bak) for promoting apoptosis, or to Bcl-xi for inhibiting apoptosis. 

■ Beside BCL-2, the apoptotic pathway is partly also governed by p53 
molecule which promotes apoptosis. 
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Table 2.1: Difference between Apoptosis and Necrosis 


Feature 


Apoptosis 


Necrosis 


Definition 


Prozrammed and coordinated cell 


Cell death witfc degradation ot 
tk-nes bv hvdrolvtic enzymes 


Causes 


: gic and pa±olcg:c 

: 


PathologicaL hypoxia, toxins,.. 


Morphology 

V 


1 No inflammatory reaction 
1 Death of single cell or small 
clusters of cells 

3. Cell shrinkage 

4. Cytoplasmic blebs on 
membrane 

5. Apoptotic bodies 

-6. Chromatin condensation 
7. Phagocytosis oi apupiuiu, 
bodies by macrophages. 


Inflammatory reaction present 
Death of many adjacent cells 

Cell swelling initially 
Membrane disruption 

Damaged organelles 
Nuclear disruption 
Phagocytosis of cell debris by 
Macrophages 


Molecular 
Changes 

i 


1. Lysosomes and other organelles 
intact 

2. Controlled by hormones and 
enzymes (FAS, BCL-2, p53) >5 ^ 


1. Lysosomal breakdown with 
liberation of hydrolytic 
enzymes 

2, Cell death by ATP depküon, 
membrane damage, free radical 
ïniury. 



Sux\k^ necr 4 sl5 Jl ^ Ko^pU^Jl C3 © C.Ccll Aie^bvctne, JI^L C/fe/d' Jl) 
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Jvpes of pangrene: 
I- Drv Ganp rrpnp 

"Ba&faraiof gangrene begins in the distal part of a limb due to ischemia. 
- ^**? *f *ecroax: 

•• .::erans (Buerger $ disease) * 
■ . RjynaocTs disease. ergot poisoning 



d.-sui fvr .p .u «u-t j d^.fe^^j ^ 




Evolution: X^ ® cJl^ 

' It^usually initiated in one of the toes which is farthest jg fc e ^ 

The gangrene spreads upwards until it reaches a point where the hl^ 
supply is adequate to keep the tissues viable. d 
A tine jrf de marcation (zone of acute inflamm a t,™\ : * 
theliSiSESSiiñBa theviablepal, mflammaÜOn) 18 tom * "««een 
; Later on, it becomes a /we o/ seDaratinn ïWlüâ * • « 
.gianulation tissue and Gbrosïïn^^rjT^ * m ^ory 

^onspartwi«hfaU»go ff ,if n o t stfica. lyi :^ ° f * 

(Grosslyj) 

^e affected patt is dry, shntnken and^arU^ resetnbüng the foo. of a 

It is black due to liberation of haemodobin frnm t,o 
cefc which is acted npon by hydrogen ^^S^^ 
ratulting m formation of blaek^i u j D hïd^vp^ IProdUCed by bacteria 

^ ^ ^ ^ ^ 




JI6 cj^o^^jT^^I^ 
J»W*4? ^l **^/b£6Cs _jü k^L.v, _i^>_ ï <Wa*i 



(ê) Vt^^^Art^r^fC^ ( r^o^t 3^cnO 

II- Wet (moist) Gangrene: 

Wet gangrene occurs in: 

1. Naturally moist tissues and organs such as the mouth, lung, intestine 
cervix, vulva ..etc. 

2. Intestine commonly due to strangulated hernia, volvulus, intussusception 
or mesenteric vascular occlusion by thrombosis or embolism (Fig.2.26) 

3. Diabetic foot due to high sugar content in the necrotic tissue which favors 
growth of bacteria. 

4. Bed sores occurring in a bed-ridden patient due pressure on sites like the 
sacrum, buttocks and heels (Fig.3.27). 

5. Wet gangrene usually develops rapidly due to blockage of venous. and less 
commonly, arterial blood flow by a thrombus or an embolus. 

O 7-e irre ;:ed part is stuffed with blood which favors the rapid growth of 
parefactive bacteria. The toxic products formed by bacteria are 
absoibed causing profound toxemia and finally death. 

°~ le ".- e: gangrene generally lacks clear-cut line of 



Gr ^Theaffected part is soft, saojlen, ^triñ^ 



anddark. 
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-Gas Gansrene: 

* It is a special form of wet gangrene caused by gas-forming clostridia 
(gram-positive anerobic bacteria) which gain entry into the tissues: 



ï 



J z>> ^> 
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O Through open contaminated wounds, especially in the muscles, or 
O As a complication of operation on colon which normally contains 
VrF clostridia. 

■ Clostridia produce various toxins which cause necrosis and oedema 
™ locally and are also absorbed producing profbund toxemia. 

Igrossiy, the affected part is swollen, edematous, painftil and crepitant due 
^ accumulation of gas bubbles within the tissues. Subsequently, the 
aïfected tissue becomes dark black with foul smelling, (Fig. 2.28). 




Table 2.2: Difference between of Dry and Wèt Gangrene 



Eeature 



Site 



Mechanisms 



Grossly 



Putrefaction 



Line 

demarcation 



of 



Bacteria 



Prognosis 



Dry Gangrene 



Commonly limbs 



Arterial occlusion 



Dry, shrunken and black 



Limited due to very little blood 
supply 



Present at the junction between 
healthy and gangrenous part 



Bacteria fail to survive 



Generally better due to little 
toxemia 



Wet Gangrene 



More common in bowel, lung 



More commonly venous 
obstruction, less often arterial 
occlusion 



Moist, soft, s wollen , rotten and 
dark 



Marked due to stuffing of organ 
with blood ~~' La 



No elear line of demarcation 



Numerous 

— — • \ (^r^ 

Generally poor due to profouncL-^ ^ 



V 



(B 



Intracellular accumulations 



1 



Accumulation of substances in abnonnal amounts can occur within the 
cytoplasm (especially lysosomes) or the nucleus of the cell. 
Mild intracellular accumulation of the substance causes reversible cell injury 
while more severe accumulation results in irreversible cell injury. 

Abnormal intracell ülar accumulations can be divided intn: 

1- Excessive accumulation of normal cell constitoents e.g. accumulations of 
lipids (fatty acids, cholesterol), proteins and carbohydrates. 

2- Accumulation of abnormal substances produced as a result of abnormal 
metabolism due to lack of some enzymes e.g. storage diseases or inbom 
errors of metabolism. 

3- Accumulation of pigments e.g. endogenous pigments under special 
circumstances, and exogenous pigments due to lack of enzymatic 
mechanisms to degrade these substances or transport them to other sites. 
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~A- Fatty chanse (steatosis) 

ft is the accumu lation of neutral fat (triglyceridés) within the cytoplasnrof 
parenchymal cells. It is especially ( gmñïoft ) in the liyer but(pï ^occur in the 
heart, skeletal muscle and kidneys. 

1- Fattv liver : 

Liver is the commonest site for accumulation of fat because it plays central 
role in fat metabolism. Depending upon the cause and amount of 
a^cumulation, fatty change may be mild and reversible, or severe producing 
iireversible cell injury and cell death. 



— > Couse s * 



Causes offatty change in the liver: 

■ Hyperlipidemia , where excess fat reaches the liver exceeding its capacity 
to metabolize it, as in o besity , d iabetes mellitus and congenita l 
hyperlipidemia. 

■ Alcoholic liver disease (most common). 



■ Starvation as in protein calorie (^ialnutritio ^) chronic illness (e.g. 
i tüberculosis), hypoxia (e.g. anemia, congestive heart failure), hepatotoxins 
I (e.g. carbon tetrachloride), drugs (e.g. steroids, methotrexate). 

^L^ ^ LoU^ ^J£> Lr* Ct Jl *»jjr> ^ t-^r LivfacJJ U e— (V^f^ lipïje^ ^ 
0-\^0^)Cm^M WjM^- Lfi-U-^Lji JUbefe-s Ia^o^ ob^ Jlu-U^ 

JUo4-. Jl C3 \«ie| Jl cPl, (aUof/w*l ^U.V^ L pU U>-^ 4 " 

*2k*k$L Jü^cju j\c^jù\g cM>' hkm ^ 3x* 

. K<ttol.^ «9 lip;4 Q> ÜMer j\ 



t*3^Ge, _U_ J| JJ^ojkjCc/c) Jl *L ^jpUj Lisicr Jl cV^ pr.e W*J —Jl ,J U_U/>1 

Jd o {M_- J_ PfoK,« Jl Q C_l~ LyvA__J _] ^J>\ G (y^ Crj^ __ C_f,4--i Jl j?\ 

é- (^p^jM ,cJlp(3 C~Li\l-Ol-3 C\CcUMJcfcr» VJ~££2= tï^LjCevUcs Jl 
__-</ J>^'cJ^e-( ^^5^ Jl ,cjlp 6 CdUJ^ ^(J^ui^ c^^U^^o^^o 
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* pec fdjj 

* pee £_*} aGcl + ^Cevol ___> T^^tj C_/ (0 lcs ( ( VvsoU>l_ •« bUdJ 
*- Ir^Cef.cAei + prcHe,^ Üp 0 p/otèV^ (LDL) (S.Ulci^ bU.c|) 

==> P^tfe^cnesis op Mty Livcr : 
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^-3^<_e^^Uo_fM- Jl 

trigLj c_^r._(es aJ^tJ 

Lipo f fofei» _jj j 
( LDL> 

_>_l-Jb\e i/\ b^cj 
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prf^ Jl^ (cjv^l c_3\ p4^, J|(SV3 P%acM -J e^dUüvt ^^J-ei © 

, Tfi^ljCe/^S Jl ObÜ 
- tr^C^.cicS J\ ^jS> £ - ^-^Ofc-pWipkcte Jl Jj (£3 

. Ir^ljGt/ï^ -Jl^/^j, L'Popfbtti* J) Af^pfotêj/vjl J © 

. Lwc/ J\C3 tkT Jl <_^p tY^CtriJcJl o.V, c^W) o_UI 0? -> U4>_** 

!*• Decreased oxidation of fatty acids into ketone bodies resulting in 

increased estrification of fatty acids to triglycerides. 

Increased a-glycerophosphate causing increased estrification of fatty 

acids to triglycerides. 
«1 Decreased synthesis of lipid acceptor protein resulting in decreased 

formation of lipoprotein from triglycerides. 
«■ Block in the excretion of lipoproteins from the liver into plasma. 

Liver cell damage occurs, when fat cannot be metabolized in it. 
In most cases of fatty liver, one of the above mechanisms is operating, while 
in case of liver injury by chronic alcoholism nearly all the factors are 
implicated. 
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— GmSIsTe^ Soff - cJjt rou4eJ 

— 5> HiGrosapic picfcg. : 

( o c ) > Pc^) — -> CA) -> -> 

J£X^: Vc 0 c^ti_^ 

«WAeus VcicuoW V*cï~fe ©ioUI^L. 

■ The vacuoles are initially small and are present around the nucleüs 
(microvesicular). ^ 

■ With progression of the process, the vacuoles become larger pushing the \ °^ 
nucleus to the periphery of the cells which becomes flattened giving signet <^ oV_S3\ 
nng appearance (macrovesicular). 

■ At times, the hepatocytes laden with large lipid vacuoles may rupture and 
lipid vacuoles coalesce to ïorm fatty cysts. 

■ In£requently, Upogranulomas may appear consisting of collections of 
lymphocytes, macrophages, and some multinucleated giant cells. 

■ Fat can be demonstrated in fresh unfixed tissue by frozen section foUowed 
by fat stains such as Sudan dyes (Sudan m, IV, Sudan black), oil red O 
and osmic acid. 



Pigments 

Pigments are colored substance s that are either^ exogenôus\ coming fro^i 
outside the body, oifendogenôusTEensitized within the body itself, (Table 2.3). 





Table: 2.3 Tvpes of oi&ments 






A-Endogenous pigments 4 — ÔPU o^y 






1- Melanin 

2- Haemoprotein-derived pigments (Haemosiderin) 

3- Lipofiiscin (wear and tear pigment) 






B-Exogenous pigments - ^Apa^ c/??? ^| o ^iu 




\ 


1- Inhaled pigments (Carbon) 

2- Injected pigments (Tattooing) 

■» ■'■- « r juur A x«.-.ii.aPM^ . ■ . . .. — — nr - 





^/~ô<ycJz)l 6^ Uc^^Jl (i dC\?op^ (3*3?, c\3i/uj Jl £é — (cAje^/^i^r pij^^T") j>1 

~ Ü v»e/ Gdi5 J I (3 n euYoA^ Jl ci ^S^S^ 
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. av\fcv<_s\s <5_^l )VWcJe^io/y j^A^c^ll (S-yL^ J\ / zJp^ J . J _J) l^.V_. C4~~Sectïo,>j| 



-> Oef. 



(3 




Patholog ic calcifïrgti^ t 

ologic or heterotopic calcification. " ™ * CaUed 

•'"f^ ^ 1 ^" 1 Sa ' tS 35 deepl > ^ophtlic intra or 

extracellular, trregular and granular clutups. Occasionally, heterotopic bone 
tormation (ossification) may occur. 

"teerk 
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»»>GluSeS»* 

ïCauses: 




i 



A- Calcification in dead tissue: 
1. Case ous necrosis in tuberculosis, liguefactive necrosis in chronic abscess, 
^ fat necrosis following acute pancreatitis or traumatic fat necrosis in the 

~^Zo breast and c oagulativej iecrosisjn infarction. 

^ 2. Thrombi in veins producing phleboliths. 

(yül 3. Haematomas^ 

\ — 4. Calc ificatiôñln breast c ancer d etected by mammography. 
Xr -^^ ^ 5. Dead parasites like in hydatid cyst and schistosoma eggs. 
B- Calcification in degenerated tissues: 

1. Dense qld_scars_ may undergo hyaline degeneration and subsequent 
t calcification. 

2. Atheroma in the aorta and coronaries. 

3. MÔñckeberg v s sclerosis shows calcification in the tunica media of 
muscular arteries in elderly people (Fig.2.34). 

4. Stromaof tumors as uterine fibroids. 

•5. Some tumors show characteristic spherules of calcification called 
psammoma bodies (Fig.2.35), such as in meningioma, papillary serous 
| cystadenocarcinoma of the ovary and papillary carcinoma of the thyroid 
. gland. „ 



(^TO^P } \ 1~5Xms J\ Ufcctlow JICSjJLdUgLcJ^ /Si -frssue _JL (T) ^-C[^ cWH "TÏSiM.el 
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. Gil G v Pi'Cc^iô^ <0> ^^e^/Sit ^eo/65»s cjI ^_i>^J ^<j±> (c^ U«* s^jc-^O 
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, (x_vsf~~ J\ Ci C^^ctr /JjLj^Sj ^jj^ CoUp 0 s">Vio^ op Gv )^l (j_M ^ _^ C^Jl U, 

hïJ^W^ïDl EJ^(i M 1è&/i€ J| j tUAVjlO k^G^O bdWZkl cWa C3) d-dl fW_ste 

' (^cAe Jl ,3 o^y 3 
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Causes: 

A- Excessive mobilization of calcium from the bone: 

1. Hyperparathyroidism (e.g., parathyroid adenoma, parathyroid hyper 
plasia or chronic renal failure) or production of parathyroid hormone- 
related protein by some malignant tumors. 

2. Bony destructive lesions, such as multiple myeloma and metastatic 
carcinoma. 

3. Prolonged immobilization of a patient results in disuse atrophy of the 
bones and hypercalcemia. 

B- Excessive absorption of calcium from the gut: 

1. Hypervitaminosis D 

2. Milk-alkali syndrome caused by excessive oral intake of calcium in 
the form of milk and administration of calcium carbonate in the treat 

. ment of peptic ulcer. 

q). Vitamin D related disorders including: Vitamin D intoxication and 
sarcoidosis (in which macrophages activate vitamin D precursor). 

. kW<hJ Ü&h?j J|ùG\ JJ Jef^fco* cfe^ CK^ UU4 Jl 6 Ca leAfel d& ci\«- 

- depoiifion of Ce\ <_5>i\ ,^Ji" ^_ iMMokl.&W» © 

o-UU Gv JJ j^ yvL D W[ U csj,© ^y£krr.^;v, 
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Table 2.4: Differences between Dystrophic and Metastatic caldfication 



Feature 


Dystrophic calcification 


Metastatic calcification 


Definition 


Deposits of calcium salts in dead 
and(degenerated tissüèü 


Deposits of calcium salts 
injnormal tissue^ 


Calcium 
metabolism 


Normal 


Deranged 


Serum 
calcium level 


Normal 


Hypercalcemia 






Causes 

0 


-Necrosis (caseous, liquefactive, 
fat, coagulative) 
-Thrombi, hematoma. 
-Dead parasites, oldscars 
-Atheroma, 

-Monckberg N s sclerosis 
-Certain tumors 


-Hyperparathyroidism 
-Bony destructive lesions 
-Prolonged immobilization 
-Hypervitaminosis D 
-Milk-alkali syndrome 
-Sarcoidosis 


^athogenesis 

". ■ ■ 

i • - 

nn 


Increased binding of phosphates 
with necrotic and degenerated 
tissue, which in tum binds to 
calcium forming calcium 
phosphate precipitates. 


Increased precipitates of 
calcium phosphate at 
certain sites due to 
hypercalcemia e.g. in 
kidneys, lungs, stomach, 
arteries, synovium. 


. ■ 
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k) actTvc PfoCess 



a) ttb. 



C) sWvcC^ioo 
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° s,cle ^ R*,w, o^U eUiPC. a 
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